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Prospective memory has been defined as remembering to perform a future 
intention, is crucial for independent functioning and is supported by a range of 
cognitive abilities. It has been shown that after a mild traumatic brain injury 
(MTBI) people experience impairments in aspects of attention, verbal learning 
and memory, and processing speed which usually resolve by three months post 
injury. However, virtually no studies explored prospective memory capacity in 
mild TBI even though such injuries represent the majority of the TBI population.  
In this thesis, prospective memory functioning and recovery are explored in mild 
traumatic head injury patients. The cognitive predictors of baseline prospective 
memory are subsequently examined. Changes in related cognitive abilities across 
time and the effect of their recovery on prospective memory were also explored. 
The clinical implications of study results are discussed.  
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Chapter 1 Mild Traumatic Brain Injury 
1.1 Traumatic Brain Injury: An Introduction 
Traumatic brain injury (TBI) is an important global public health problem as 
it is not only a major cause of traumatic death but is associated with a variety of 
consequences including physical, cognitive, emotional and behavioural 
impairments (Jennett, 1996; Rassovsky et. al., 2006; Thurman, Alverson, Dunn, 
Guerrero & Sniezek, 1999). In the United States, it is estimated that 1.4 million 
people experience a TBI each year and as many as 50,000 die from TBI (NINDS, 
2002). In Singapore, trauma has been shown to be the fifth highest killer within 
the population following cancer, ischemic heart disease, pneumonia and 
cerebrovascular disease (MOH, 2003), and half of all trauma-related deaths are a 
consequence of TBI (Lee, Seow & Ng, 2006). 
These impairments often adversely impact TBI survivors daily functional 
capacities, resulting in inability to return to productive activity such as work or 
school and can lead to long-term or lifelong need for assistance in activities of 
daily living. Medical complications such as epilepsy may arise following TBI and 
TBI increases the risk for neurological conditions such as Parkinson’s Disease, 
Alzheimer’s Disease and other age-related neurological conditions (CDC, 2006). 
1.2 The problem of  Mild TBI 
 
TBI lies on a continuum of severity from very mild with no repercussions 
to very severe resulting in death or permanent disabilities. Although the 
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spectrum of severity varies according to the extent of brain damage, mild head 
injury or MTBI patients form the bulk of the group. It is estimated that MTBI 
represent between 70 – 90% of all treated TBI and that the rate of hospital 
treatment with MTBI ranges from about 100 to 300/100,000 in the general 
population (Carroll, Cassidy, Peloso, Borg, von Holst, Holm, Kraus, Coronado, 
2004). More than 30% of MTBI patients are reported to have difficulties returning 
to their previous work even at 3 to 6 months post-injury (Boake, McCauley, 
Pedroza, Levin, Brown, Brundage, 2005; Rimel, Giordani, Barth, Boll, Jane, 1981). 
Post injury emotional disturbances slow down the recovery process and 
exacerbate disabilities. Up to 33% of patients experience depression after a 
traumatic head injury and the presence of depressive symptoms is related to 
poorer psychosocial outcome even at 1 year post-injury (Jorge, Robinson, Moser, 
Tateno, Crespo-Facorro, Arndt, 2004). The cost of MTBI in terms of 
hospitalization and death in the United States was estimated to be around 16.7 
billion for the year 1995 (Cited in Gerberding & Binder, 2003). This figure is 
however a gross underestimate as it excludes MTBI patients that were not 
hospitalized, those that were treated in other medical facilities or did not seek 
medical attention and most importantly, the cost of lost productivity and quality 
of life (Gerberding & Binder, 2003).  
1.3 What is mild traumatic brain injury? 
A multitude of definitions for MTBI currently exist across clinical and 
empirical literature but there is general agreement that MTBI is “the consequence 
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of blunt (non-penetrating) impact with sudden acceleration, deceleration or 
rotation of the head with a Glasgow Coma Score (GCS) of 13–15 on admission to 
the hospital” (Vos et. al., 2002). The Glasgow Coma Scale (GCS) (Teasdale & 
Jennett, 1974) requires the clinician to assess and rate coma status based on 
several parameters including the patients’ ability to open eyes spontaneously, 
make a motor response and respond verbally.  Repeated administration of this 
scale allows the clinician to gauge the extent and duration of altered 
consciousness which can aid in predicting outcome (Davis et. al, 2006; Jennett & 
Teasdale, 1981).  However, GCS alone provides only a rough gauge of injury 
severity. Studies have shown that individuals with similar GCS scores may differ 
in clinicopathology (Culotta, Sementilli, Gerold & Watts, 1996; Gomez , Lobato, 
Ortega & de la Cruz, 1996, Tellier et. al., 1999) and in GCS defined mild head 
injury, patients’ can still have abnormal CT brain scans and delayed neurological 
deterioration. Some MTBI’s may require surgical intervention or post admission 
rehabilitation and even die from their injuries.  
Currently, many diagnostic criteria exist for the classification of mild head 
injury. These criteria commonly include multiple head injury indicators, but a 
common feature of all classification systems is that they take into consideration 
the duration of loss of consciousness and length of post-traumatic amnesia. Stein 
(1996) provided a classification system which included all the above acute injury 
characteristics that were presumed to be crucial in distinguishing injury severity 
(Table 1). 
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Table 1 Classification of severity of TBI based on multiple indicators 
Measure Mild Moderate Severe 
Glasgow Coma Scale 13 – 15 9 - 12 3 - 8 
Loss of consciousness < 20 mins 20 min – 36 hrs > 36 hrs 
Posttraumatic amnesia < 24 hrs 1 – 7 days > 7 days 
From “Classification of head injury” by S. C. Stein, 1996, as cited in McCrae, 2008. 
1.4 Outcome from Mild Traumatic Brain Injury 
The study of the natural history and recovery of MTBI has been described 
as “enormous, complex, methodologically flawed, and controversial” (Iverson, 
2005). There is little doubt that MTBI patients experience a constellation of 
postconcussive symptoms in the acute stages of their injury, but there is less 
agreement on rates of recovery and whether those affected recover to their 
premorbid status. While some studies report rapid recovery and resolution of 
symptoms within the first 6 months of the injury, others demonstrate long-
lasting and even permanent disability following MTBI. The different inclusion 
and exclusion criteria, choice of control groups and complications from possible 
non-injury related factors that could affect recovery have contributed to these 
inconsistencies.  
1.4.1 Pathophysiological outcomes: post-injury 
MTBI can result from either contact or acceleration/deceleration injuries. 
Contact injuries usually result from the impact of an object striking the head or 
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from falls, which could result in scalp injury, skull fracture or surface 
contusions, lacerations and intracerebral hematomas (Gennarelli & Graham, 
2005).  Shearing forces within the brain from acceleration/ deceleration 
injuries, commonly caused by assaults, traffic accidents, fall from height or 
whiplash injuries, can result in damage to the axons and associated small 
vessels. 
In the hours following an MTBI, the shearing forces acting on the neural 
tissues together with the stretching of the axons will result in a cascade of 
neurometabolic changes (Willer & Leddy, 2006). The depolarized neuronal 
membranes releases excitatory amino acids that results in influxes of calcium and 
potassium ions, creating a hypermetabolic glycolytic state initially. 
Vasoconstriction subsequently occurs reducing cerebral blood flow and glucose 
delivery creating a metabolic depression. Inflammation (the pathological 
response characterized by macrophages, neutrophils and microglia), cell 
apoptosis and chromatolytic changes that are associated with altered protein 
translation were all reported to occur in the first few days post injury (Büki & 
Povlishock, 2006; Conti, Raghupathi, Trojanowski & McIntosh, 1998; Raghupathi, 
2004).  
Mechanical changes commonly referred as diffuse axonal injury (DAI) are 
the hallmark of brain injury following acceleration/ deceleration trauma. DAI 
refers to the trauma caused to the axons of the brain by the shearing forces of 
brain injuries (Wasserman & Koenigsberg, 2007).  The axons may not be totally 
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torn at the initial stages post injury, however the impact is sufficient to result 
in impairments in axoplasmic transport and subsequent axoplasmic swelling. 
1.4.2 Pathophysiological outcomes: short to long term 
The post-TBI neurometabolic cascade may persist for weeks to months post 
injury. At least one animal study in rats has shown that the brain returns to 
normal by 7 to 10 days post injury, whereas in humans, metabolic depression 
appears to persist for up to 4 weeks (Giza & Hovda, 2001).  In recent years, the 
process of neurophysiological recovery following TBI has been elucidated.  
Inflammation has been shown to peak 2 to 3 days post injury but return to 
normal levels within the following weeks (Raghupathi, 2004). In an experimental 
study simulating head injury using a lateral fluid-percussion technique, the 
number of apoptotic cells in brain injured rats returned to levels of the uninjured 
rats by the 2nd month post injury (Conti, Raghupathi, Trojanowski & McIntosh, 
1998). Chromatolytic changes that are associated with altered protein translation 
recover several days after injury (Büki & Povlishock, 2006). It was suggested that 
these slow changes allow the cells to reorganize, survive and perhaps even lead 
to regenerative and neuroplastic changes within the brain.  
 DAI, however, causes structural damage to the axons. In the months 
following a MTBI, axoplasmic swelling will eventually cause splitting of the 
axons into two pieces, a retraction ball and finally wallerian degeneration of 
the axons. Animal studies showing axonal damage mainly in the brain stem 
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regions following experimentally induced mild brain injury support this 
explanation (Jane, Steward & Gennarelli., 1985, Povlishock, 1993).  
More recently, advances in neuroimaging technology have facilitated the 
detection of diffuse microstructural injury through diffusion tensor imaging 
(DTI). DTI measures diffusivity of water molecules in brain tissues, allowing the 
calculation of fractional anisotrophy values which reflect the integrity of the 
white matter tracts and axonal density and/or integrity (Arfanakis, Haughton, 
Carew, Rogers, Dempsey & Meyerand, 2002). Using DTI on MTBI patients, 
studies have shown reduced fractional anisotrophy in several regions of the 
brain including superior longitudinal fasciculus, sagittal stratum, corpus 
callosum, centrum semiovale and internal capsule, which is suggestive of axonal 
damage (Arfanakis et. al., 2002; Inglese, Makani, Johnson, Cohen, Silver, Gonen 
& Grossman, 2005; Kraus, Susmaras, Caughlin, Walker, Sweeney & Little, 2007).  
Long lasting post MTBI mechanical and neurometabolic changes were 
found in several studies. With the use of EEG and SPECT, blood-brain barrier 
dysfunction and hypoperfusion was found in patients 1 month to 7 years post- 
injury, suggestive of a persistent alteration of brain metabolism (Korn, Golan, 
Melamed, Pascual-Marqui & Friedman, 2005). Structural damage to the axons 
caused by DAI is persistent and has been reported in MTBI patients up to 47 
years post injury (Adams, Graham, Jennett, 2001). Post-mortem studies of 
MTBI patients have also shown the presence of microscopic markers of diffuse 
axonal injury (retraction balls and axonal swelling) (Adams, Graham, 
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Gennarelli & Maxwell, 1991; Blumberg, Jones & North, 1989; Oppenheimer, 
1968). 
1.4.3 Behavioral/ Psychological outcomes: post-injury 
MTBI can result in physical as well as neural injuries. In the acute stages 
(within a month of trauma), the most prevalent complaint is of physical 
symptoms such as headaches, fatigue and dizziness (Lundin, Boussard, Edman 
& Borg, 2006; Ponsford et. al., 2000; Savola & Hillbom, 2003,). Behavioural 
symptoms such as anxiety, mood disorders, irritability, affective disturbances, 
apathy, and impulsivity commonly accompanied these physical complaints 
(Alexander, 1995; Arciniegas, Anderson, Topkoff & McAllister, 2005; Borgaro, 
Prigatano, Kwasnica, & Rexer, 2003). The development of behavioural symptoms 
may result from neural injuries, pain or psychological factors (Alexander, 1995; 
Arciniegas et. al., 2005; Kay, Newman, Cavallo, Ezrachi, & Resnick, 1992).   
1.4.4 Behavioral/ Psychological outcomes: short to long term 
Two reviews have examined the relationship between TBI and psychiatric 
disorders at one month to thirty years post injury (Rogers & Read, 2007; van 
Reekum, Cohen & Wong, 2000). TBI patients were found to have an elevated risk 
for the development of psychiatric syndromes such as major depression, 
generalized anxiety disorders, panic disorders and post traumatic stress 
disorder. The totaled prevalence rate for mood and anxiety disorders range from 
4 to 44%, which is significantly higher than the lifetime prevalence rates in the 
community. These results also do not appear to follow a biological gradient, 
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suggesting that MTBI patients are at a similar risk of developing psychiatric 
disorders as the more severe patients. However, the extent to which TBI 
contributes to the development of psychiatric syndromes is difficult to establish 
as pre-morbid psychiatric disturbances are common within these patients and 
also because psychiatric disturbances and TBI share common risk factors.  
1.4.5 Cognitive outcomes: post-injury 
Cognitive status post MTBI can be determined either by subjective reports 
from patients or through neuropsychological assessments. In the case of 
subjective reports, whilst these provide a snapshot of post-injury cognitive 
difficulties, the data derived is unlikely to be a true reflection of the patient’s 
underlying cognitive status. For instance, a patient might not be fully aware or 
be a good judge of his or her cognitive capacities, which may result in 
dissociation between objective cognitive status and subjective cognitive reports 
(Bernstein, 1999). Hence, most of the literature in this area has based on the 
neuropsychological studies.  
Compared with the large body of evidence dealing with clinical outcome, 
studies examining cognitive outcomes in the acute stages (within a month) post 
MTBI are relatively limited and results have been inconsistent. In the hours 
immediately following a MTBI, a number of pathophysiological changes such as 
ionic shifts and impaired neurotransmission, and physiological changes affecting 
the recovery process of the affected brain cells are taking place (Iverson, 1995). It 
has been suggested that the most severe symptoms are experienced within the 
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first 72 hours and cognitive decrements can persist up to 1 to 3 months post 
MTBI. While subjective complaints of poorer memory, reduced concentration 
and slowed processing abilities are common in the acute stages (Alexander, 1995; 
Lundin et. al., 2006), empirical support from neuropsychological studies are less 
consistent.  A number of matched patient-controls studies conducted in the acute 
stages of MTBI have shown deficient performance on most or all of the objective 
cognitive tests used in their study (Hugenholtz, Stuss, Stethem, & Richard, 1988; 
Levin et al., 1987; Macciocchi, Barth, Alves, Rimel, & Jane, 1996; Ponsford et. al., 
2000; Voller et. al., 1996). 
The most common cognitive domains implicated in MTBI include 
information processing capacity, memory and attention. In most studies, 
memory difficulties coexist with other neuropsychological deficits in the areas 
of processing speed, attention and psychomotor functioning (Arcia & 
Gualtieri, 1993; Mathias et. al., 2004; Ponsford et. al., 2000; Voller et. al., 1999). 
Dieter (1999) attributes the memory deficits to the diffuse damage caused to 
the regions of the temporal lobes and the frontolimbic systems that are 
particularly vulnerable to the acceleration and deceleration forces acting on the 
brain during the injury. The two frontolimbic systems include the basolateral 
and the medial limbic systems which contain brain structures and 
interconnections to other brain regions known to be implicated in memory.   
Verbal word lists are commonly administered in post MTBI to assess 
verbal learning as well as delayed verbal memory capacities. Across a number 
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of studies using samples ranging from athletes to trauma patients, participants 
with MTBI generally perform more poorly on the initial learning portion of the 
task (Collins, Grindel, Lovell, Dede, Moser, Phalin, et. al, 1999; Mathias, Beall 
& Bigler, 2004; Rimel et. al., 1981; Voller, Benke, Benedetto, Schnider, Auff & 
Aichner, 1999). It is possible that these patients developed a deficient 
“semantic encoding strategy” following their MTBI where they are unable to 
initiate or make effective use of associative cues to aid their memory recall 
(Rimel et. al., 1981; Sohlberg and Mateer, 2001).  
Besides memory deficits, information processing capacity is often reduced 
following MTBI. Information processing capacity has been described as the 
ability to simultaneously carry out a number of operations at the same time 
(O’Jile, Ryan, Betz, Parks-Levy, Hilsabeck, Rhudy & Gouvier, 2006). This 
disturbance has been attributed to deficient attentional processes which 
frequently follow MTBI (Kay et. al., 1992). Dysfunction has been shown to 
occur across different subtypes of attention including simple, focused, 
selective, sustained and divided attention (Kay et. al, 1992; Kwok, Lee, Leung 
& Poon, 2008).  
Attentional and information processing deficits are likely to contribute to 
impaired memory post MTBI. The pattern of difficulties experienced by the 
MTBI patients on word list recall tasks seems to suggest deficiencies in poor 
attention or encoding rather than the actual retrieval of information.  For 
example, it is recognised that MTBI patients who show deficient performance 
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on Trial 1 of the California Verbal Learning Test improve substantially by Trial 
5 and learning across the 5 trials was also maintained (Raskin, Mateer & 
Tweeten’s, 1998; Sohlberg & Mateer, 2001).  
In contrast to studies that showing cognitive problems, several studies have 
shown the absence or resolution of cognitive deficits as early as 48 hours post 
injury.  In one study that compared cognitive functioning of MTBI patients 48 
hours post injury to matched hospitalized non-MTBI patient controls, no 
differences were found in  performance on a range of cognitive tests measuring 
prospective memory, verbal and visual memory, executive functioning and 
attention (Newcombe, Rabbitt and Briggs, 1994). Consistent with these results, a 
large-scale study examining cognitive recovery in college football players 
following concussion showed that by the second day post injury, MTBI subjects 
has recovered to a level where no significant difference in performance is 
distinguishable between them and their non-injured counterparts (McCrea, 
2008). A review based on literature on pathophysiology, neuropsychological 
outcome, and post-concussion syndrome also suggests that complete resolution 
of post-concussive symptoms will normally takes place within 2-14 days post-
injury especially in the cases of athletes (Iverson, 2005).  
Despite contradictory evidence from the abovementioned studies, the 
majority of evidence points to cognitive decrements in the areas of attention, 
verbal learning and memory, and processing speed in the acute stages of MTBI, 
contrasting results are also present. Methodological differences across the studies 
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are likely to have contributed to the above inconsistencies. For example, 
hospitalized patients that are used as controls can differ from normal controls in 
terms of their situational and emotional characteristics, which may impact upon 
their cognitive capacities. Similarly, the sample characteristics (i.e. athletes versus 
patients in a medical setting) likely contributed to the contrasting results as well. 
The experience of a sports-related concussion to an athlete is probably less 
traumatic then a MTBI to a patient. Athletes are also more motivated to recover 
sooner in order to return to sports participation. Furthermore, many injury-
related factors affect the cognitive status of a patient such as litigation issues and 
psychological factors were not considered in the majority of these studies, 
possibly contributing further to the inconsistencies.  
1.4.6 Cognitive outcomes: short to long term 
A substantial amount of literature has sought to understand mechanisms of 
cognitive recovery and factors resulting in persistence of cognitive symptoms. In 
recent years, several reviews and meta-analyses have summarised the exhaustive 
findings in this area.  
It has been established that some degree of cognitive recovery occur 
during the acute stages of MTBI, but some discrepancies exist with regards to 
the rate of recovery to pre-injury status. A detailed review on the prognosis of 
MTBI published by the World Health Organization (WHO) Collaborating 
Centre Task Force on MTBI in 2004 indicated that cognitive deficits and 
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symptoms that were experienced by adults in the acute stages of MTBI 
generally recover within 3 to 12 months (Carroll et. al., 2004).  
A more optimistic picture has been painted by several meta-analyses that 
examined matched patient-control studies. These studies generally indicate 
substantial cognitive recovery at around 1 month post injury and near full 
recovery by the 3rd month post injury (Belanger, Curtiss, Lebowitz & 
Vanderploeq, 2005; Iverson, 2005; Schretlen & Shapiro, 2003). Schretlen & 
Shapiro’s (2003) meta-analysis of 39 studies which examined the effects of 
injury severity on cognitive functioning from the acute phase through long-
term follow-up found that as early as 6 days post-injury, patients generally 
performed at about the 33rd percentile (within the average range) relative to 
matched controls. By 1 month post-injury, the test performances of these MTBI 
patients are almost indistinguishable from the controls. Belanger et. al. (2005) 
found a moderate effect of MTBI on neuropsychological performance in the 
acute phase but by 90 days post injury, the acute cognitive effects were 
negligible. Finally, in Iverson’s (2005) meta-analysis, there were no significant 
effects of MTBI on cognitive functioning following the acute recovery period of 
one to three months post-injury. 
Contrasting evidence supports the presence of persistent cognitive deficits 
in MTBI. In a study examining the natural history of the cognitive, affective and 
physical sequelae, MTBI patients were assessed with a comprehensive 
neuropsychological battery seven days, four months and seven months post 
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injury and results were compared with matched controls (McHugh, Laforce, 
Gallagher, Quinn, Diggle & Buchanan, 2006). Although there were 
improvements in the patients’ cognitive performance across time, deficits were 
still present on verbal fluency and working memory tasks when compared with 
normal controls at seven months post injury.  
In a study of a large non-referred population based sample of US Vietnam 
veterans looking at the long-term effects of MTBI on cognition, those who with a 
history of MTBI (on average of 8 years before assessment) were compared on a 
number of cognitive tests with those who did not sustain a head injury 
(Vanderpoleg, Curtiss & Belanger, 2005). Subtle deficits were found in attention 
and working memory in the MTBI veterans.  
Finally, Binder, Rohling & Larrabee (1997) examined the chronicity of 
cognitive deficits post MTBI; eight prospective and quasi-prospective studies 
were examined. In all, the neuropsychological profile of the patients was 
examined at least 3 months post MTBI whilst the longest follow-up period was 
14.8 years. They found that MTBI patients tend to have an average downward 
shift of 0.12 SDs in overall test performance when compared to normal 
controls. When specific neuropsychological domains were examined, only 
attention showed a significant impairment albeit with small effect size. It has 
been suggested in several reviews that when a patient experiences post-injury 
symptoms for extended periods of time, a myriad of other factors such as 
structural damage to the brain, litigation, malingering and non-injury factors 
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such as preexisting life stress, psychiatric conditions or substance abuse 
problems, comorbidity such as chronic pain, depression, PTSD, life stress, or 
substance abuse, or a combination of the above factors need to be considered 
(Berstein, 1999; Iverson, 1995).  
In summary, there is agreement that cognitive recovery takes place over 
time in MTBI patients. The resolution of cognitive deficits in MTBI patients 
varies from study to study depending on methodological differences but can 
take place as early as 1 to 3 months post injury. However there is some 
evidence that cognitive deficits persist for years after mild head injury in a 
minority of the patients. Such deficits appear to be subtle and in the areas of 
attention and working memory. In order to advance understanding of the 
course of cognitive recovery following MTBI, it is necessary to examine 
cognitive symptoms longitudinally. Most of the studies used in the 
abovementioned reviews and meta-analyses are cross-sectional and 
longitudinal studies are rare. Also, factors that affect the cognitive recovery of 
the patient need to be taken into consideration especially in the event where 







Chapter 2 Prospective memory 
2.1 Prospective memory: An Introduction  
While neuropsychological outcome studies of MTBI have placed much 
emphasis upon understanding the effects of MTBI on cognition, less focus has 
been devoted to everyday memory functioning. The majority of studies have 
investigated aspects of episodic memory, which refers to “the system that 
enables conscious recollection of specific personal events (episodes) as well as the 
contexts (time and place) in which they occurred” (Strauss, Sherman & Spreen). 
Yet in everyday living, memory is as much about recalling intentions to perform 
actions in the future as it is about remembrance of things past. This type of 
memory, which is rarely studied in MTBI, is termed prospective memory. 
Prospective memory has been defined either as “remembering to do something 
at a particular moment in the future or as the timely execution of a previously 
formed intention” (Kvavilashvili & Ellis, 1996). These intended actions should 
only include non-routine tasks and not highly practiced actions (such as 
brushing our teeth) that are supported by environmental or physiological cues 
(Ellis & Freeman, 2008).  
Prospective memory is pertinent to our everyday life as it affects our ability 
to perform many daily activities such as keeping appointments, paying bills and 
completing errands which are all necessary for independent living. 
Approximately, 50 - 80% of memory problems endorsed by participants in 
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various studies are prospective in nature (cited in Kliegel & Martin, 2003). 
Memory diaries distributed to undergraduates showed a listing of 
predominantly intentions forgetting type of memory complaints including 
forgetting to make a phone call, do an assignment or take an item (Crovitz & 
Daniel, 1984). In clinical settings, up to 40% of patients in a memory clinic reports 
prospective memory as their main memory compliant (Kliegel & Martin, 2003). 
Prospective memory deficits have been reported in a number of clinical 
syndromes including Parkinson's disease, dementia and traumatic head injury 
(Jones, Livner & Backman, 2006; Kliegel, Eschen & Thone-Otto, 2004; Kliegel, 
Phillips, Lemke & Kopp, 2005). 
2.2 Theories of prospective memory  
Prospective memory tasks differ in complexity and there are several 
distinctions between types of prospective memory tasks according to task 
characteristics and the degree to which one has to rely on self-initiated cues 
(Einstein and McDaniel, 1990). The two major types of prospective memory tasks 
are time-based and event-based. In time-based tasks, one has to remember to 
perform a specific task or action at a certain time or after a period of time has 
lapsed. Event-based tasks require one to perform a task or action when an 
external cue (e.g. person, object or event) is present.  In general, time-based tasks 
are more complicated and require larger amounts of self-initiation as there are no 
external events to cue one to perform the intended action.  
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Successful prospective memory performance is a complex process involving 
a number of stages and requiring a series of cognitive operations. Ellis (1996), 
who has provided a theoretical framework described prospective memory as 
involving 5 phases. The content of a delayed intention first needs to be formed 
and encoded (formation and encoding of intention and action), retained until the 
start of the period where the intention may be possibly performed (retention 
interval), then retrieved during the appropriate period of time for the realisation 
of this intention (performance interval) and subsequently the intended action is 
initiated and executed with the eventual evaluation of its resultant outcome.  
Retrospective memory and executive functioning are considered to be 
crucial cognitive abilities involved in prospective memory (Dobbs & Reeves, 
1996; Ellis, 1996). While retrospective memory is necessary in recalling the 
content of the prospective memory task, executive functions such as planning, 
inhibition and monitoring are pertinent to intention formation, initiation and 
intention execution stages of prospective memory. 
From a slightly different perspective, Smith (2003) drew a link between 
availability of attentional resources and successful prospective memory 
processing. The preparatory attentional and memory processes theory (PAM 
theory) suggests that during the performance interval of an event-based 
prospective memory task, preparatory attentional processes that consume 
resources are monitoring the existing environment for possible prospective 
memory target events. Assuming that each individual has a limited amount of 
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attentional capacity, individuals will be compromised in other coexisting 
activities once these resources are devoted to preparation for the prospective 
memory task. In support of this theory, it has been shown that divided attention 
compromises prospective memory performance (Einstein, McDaniel, Smith & 
Shaw, 1998; Marsh & Hicks, 1998). Naturalistic studies have also shown that 
resource taxing activities such as being engaged in conversations or being 
preoccupied with thoughts are the most common reasons for everyday 
prospective memory failures (cited in Smith, 2003).  
In conclusion, current theories of prospective memory suggest that this 
ability is a complex process involving a number of stages. Different cognitive 
processes have been proposed to be involved with each stage. Retrospective 
memory is necessary in the recollection of the task content while executive 
functions are involved with formation, initiation and execution of the intention. 
A link was also proposed between success in prospective memory recall and 
availability of attentional resources.  
2.3 Prospective memory and TBI 
Given the important of prospective memory to everyday living, it is 
perhaps not surprising that a number of investigations have centered on the 
effects of prospective memory functioning following TBI and its association with 
other cognitive function. In a review of prospective memory and head injuries, it 
was concluded that TBI patients demonstrated prospective memory deficits 
across different assessment measures such as laboratory experiments, 
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psychological tests and questionnaires (Kliegel, Jager, Altgassen & Shum, 2007). 
A recent meta-analysis of 11 studies examining the effects of TBI on prospective 
memory, the mean effect size for prospective memory deficit in TBI was 
estimated to be .42 (moderate to large effect deficit) (Henry, Phillips, Crawford, 
Kliegel, Theodorou & Summers, 2007). Several studies have found links between 
overall PM performance and memory, attention and executive functioning in 
severe TBI patients as measured by standard neuropsychological tests including: 
prospective memory, attention/ speeded processing and retrospective memory 
(Schmitter-Edgecombe & Wright, 2004); prospective memory, retrospective 
memory and executive functioning (Knight, Harnett & Titov, 2005); prospective 
memory and executive functioning (Carlesimo, Casadio & Caltageirone, 2004; 
Kliegel et. al., 2004).  
Inconsistencies in the findings of the above studies can be explained by the 
differences in task complexity of the prospective memory tasks used. For 
example, prospective memory tasks in these studies ranged from simple tasks in 
Schmitter-Edgecombe & Wright’s (2004) study where the participant has to 
identify a target word or pattern to complex tasks where they are required plan 
their intentions, retain their plan and finally executing it (Kliegel et. al., 2004). 
The complexity of the prospective memory tasks determines whether a strategic 
or automatic retrieval process is used (Kliegel, McDaniel, & Einstein, 2000). A 
simple prospective memory task would be supported by an automatic retrieval 
process, which is not dependent on executive processes.  
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2.4 Prospective memory and MTBI 
While there is growing interest in prospective memory in TBI, the focus of 
the majority of research has been largely centered on severe TBI patients. 
Presently, research on prospective memory in MTBI patients is extremely 
limited. Newcombe, Rabbitt & Briggs (1994) assessed the cognitive abilities of a 
group of young men with minor head injury within 48 hours of their injury and a 
month later. They included a measure of a simple prospective memory task 
where the patient was asked to fill in a form when he returns to work and send it 
back to the examiners. The time interval between the date of returning to work 
and the date that the form was returned (according to the postmark) was 
recorded. The percentage who returned the form and the time lapse between 
returning to work and the return of the form did not significantly differ between 
the patients and their age-matched controls, suggesting no significant 
prospective memory difficulties in mild traumatic brain injury. 
Contrasting results were obtained in another study using a laboratory 
prospective memory task. It was found that children (between the ages of 10 and 
19 years old) who were at least 5 years post head injury demonstrated significant 
difficulties on the task when compared with age-matched orthopedic injury 
controls, suggesting that prospective memory difficulties might be more 
persistent in nature (McCauley & Levin, 2004). Reminders to perform the 
prospective memory task benefited only the mild head injury group but not 
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those with severe injuries. Also, patients were slower (as measured by reaction 
time) in responding to a prospective memory cue.  
2.4.1 Rationale for investigating prospective memory in MTBI 
Although MTBI represents the bulk of the TBI population, virtually no 
studies had examined prospective memory functioning in this group either in the 
acute or post-acute stages. With the limited number of studies and inconsistent 
results, no firm conclusions can be made about the effects of MTBI on 
prospective memory. As discussed, cognitive deficits are commonly present in 
the acute stages of MTBI. With the numerous theoretical frameworks and 
research evidence suggesting associations between the different cognitive 
faculties and prospective memory, as well as the evidence showing that TBI has 
diffuse effects on the brain itself there is a high likelihood that prospective 
memory deficits are present in MTBI. While it has been suggested that the subtle 
cognitive deficits present in the acute stages of MTBI typically recover by the 
third month of injury, no study has fully examined the recovery trends of 
prospective memory. With the important role prospective memory plays in daily 
functioning, persistent deficits are likely to be a significant impediment to 
recovery following a MTBI and could potentially have effects on the 
psychological, vocational and social outcomes of the MTBI patients. A well-
controlled clinical study examining prospective memory functioning and 
recovery in a typical MTBI sample is therefore necessary.  
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Furthermore, there is also a dearth of knowledge relating to the cognitive 
mechanisms involved in prospective memory functioning in MTBI. An 
examination of the changes in related cognitive abilities across time and the effect 
of their recovery on prospective memory may help to elucidate some of the 
inconsistencies from previous research.  
2.5 Study aims 
The specific aims of the study were:  
1. investigate prospective memory functioning in both the acute stages 
(within a month post injury) and post-acute stages (3 months later) of 
MTBI,  
2. examine the contributions of the different cognitive domains to acute 
prospective memory performance in patients and their controls,  
3. examine changes in the different cognitive abilities across these 2 time 








Chapter 3 Methodology 
3.1 Research participants 
Participants were recruited from the Mild Head Injury Clinic at National 
Neuroscience Institute during their outpatient consultation following referral 
from the accident and emergency department of Tan Tock Seng Hospital after 
sustaining a recent MTBI. The inclusion criteria include at least 18 years of age, 
literacy in English or Mandarin and a history of head trauma in the past month. 
Following Stein’s (1996) definition for MTBI, patient’s head trauma resulted in no 
loss of consciousness or loss of consciousness of no longer than 20 minutes, no 
evidence of post traumatic amnesia (PTA) or PTA of less than 24 hours and 
Glascow Coma Score of 13-15 upon presentation at the accident and emergency 
department.  The exclusion criteria are as follows: patients are not undergoing 
treatment for any neurological or psychological disorder, no history of substance 
abuse, no significant hearing or visual impairments and no intracranial 
abnormalities on the CT scan.  
Control participants were recruited through advertisement flyers given to 
ancilliary staff of National University of Singapore and through word of mouth. 
All control participants were at least 18 years of age, either literate in English or 
Mandarin; were not on treatment for any neurological or psychological 
disorders, had no history of substance abuse and no significant hearing or visual 
impairment.  
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3.2 Design and procedures  
Patients were referred to the study by their principle physicians after initial 
consultation at the MTBI clinic and their medical notes were screened to ensure 
that they fit the inclusion and exclusion criteria. The study was explained in 
detail to all suitable patients and those interested in the study were recruited and 
informed consents were obtained from them in writing. For all below the legal 
age of 21, parental consents were also obtained. All recruited were given an 
appointment to be seen within the next week. During the session, a detailed 
clinical history and information regarding the details of their recent head injury 
was taken. They were also asked to rate the presence and severity of common 
post injury symptoms that they had experienced over the past 24 hours on a self-
administered scale. Neuropsychological testing was then performed to 
determine their baseline cognitive status. All patients were screened for 
malingering with the Test of Memory Malingering (TOMM) and those who 
failed to obtain the threshold scores were excluded from the study. The same set 
of scales and neuropsychological battery was administered again 3 months later 
to assess patient’s cognitive recovery. Although the interval is relatively short, 
previous studies have shown that a time period of 3 months is sufficient for most 
MTBI patients to recover cognitively. 
All interested controls who met the inclusion and exclusion criteria were 
given a detailed explanation of the study. Those who consented were 
administered the same cognitive battery as the patients at 2 time points which 
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were spaced 3 months apart. Information about medical history and presence of 
depressive and anxiety symptoms were also obtained. A database with the 
demographic details of these controls was created. Each control was individually 
matched to each patients based on the patient’s age, education, gender and race. 
A sub-group without clinical depression (score of <20 on the BDI) who were the 
closest match were chosen for this study.  
3.3 Measures: Questionnaires/ Scales 
During the clinical interview, patients were administered the Philadelphia 
Head Injury Questionnaire (PHIQ) (Curry, Ivins & Gowen, 1991), the Rivermead 
Post-Concussive Symptoms Scale (RPQ) (King, Crawford, Wenden, Moss & 
Wade, 1995) and a self-constructed questionnaire to determine past psychiatric 
history (Appendix 1).  The PHIQ is a structured interview questionnaire where 
patients indicate a ‘Yes’ or a ‘No’ to each question regarding recent MTBI; 
physical, cognitive symptoms and personality changes experienced post MTBI 
and medical history. The RPQ is a self-administered questionnaire where rates 
for the presence and severity of 16 commonly experienced post-injury 
symptoms. Patients were required to rate on a scale of 0 (absence of symptom) to 
4 (severely affected by symptoms) their experience with each of the symptoms 
based on their comparison with preinjury levels.  
For the controls and the sub-group of patients that were also enrolled in 
another study, the Beck’s Depression Inventory – second edition (BDI-II) (Beck, 
Steer & Brown, 1996) was used to determine depression status, and the State-
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Trait Anxiety Inventory (STAI) (Spielberger, Gorusch, Lushene, Vagg, & Jacobs, 
1983) their anxiety status. The BDI is a 21-item questionnaire that requires the 
participant to choose from 4 options that is scored from 0 to 3. A higher score is 
reflective of more severe symptoms and a respondent with a score of 20 and 
above can be categorised as moderately to severely depressed (Beck et. al., 1996) 
assessing for depressive symptom. 
3.4 Measures: Neurocognitive assessment 
A battery of neuropsychological tests measuring attention and processing 
speed, working memory, episodic memory, prospective memory and executive 
functioning were specifically selected to examine the cognitive status. The tests 
used were grouped into these 5 domains based on results from previous 
neuropsychological meta-analyses and literature (Belanger et. al., 2005; Binder et. 
al., 1995; Frencham, Fox & Maybery, 2005; Strauss, Sherman & Spreen, 2006). A 
Test of Memory Malingering (TOMM) (Tombaugh, 1996) was also included to 
ensure that participants were not exaggerating or faking their cognitive 
symptoms. Mandarin equivalents of these tests which are widely used in the 
Singapore clinical services were used with mandarin-speaking participants. In 
the situation where such a test is unavailable, the English versions of the tests 
used in this study were translated with permission of the test publishers.  
In order to assess working memory, the digit span and the spatial span from 
WMS-III (Weschler, 1997) were used. The written version of the Symbol Digit 
Modalities test (Smith, 1991) and time taken to complete Trail Making Test, Part 
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A (Reitan, 1955) were used to assess attention and processing speed. The 
memory measures administered included the total number recalled for the initial 
5 trials of the Rey Auditory Verbal Learning Test (RAVLT), RAVLT delayed 
recall (Strauss et. al., 2006), Continuous Visual Memory Test (CVMT) total score 
and delayed recognition score (Trahan & Larrabee, 1988). On the CVMT task, 
each participant is shown 112 cards which contain a figure each. Amongst these 
figures, 7 of them continuously repeat itself through the stack. Participants are 
required to continuously recognize these figures from their distractors in the 
stack. The total score reflects the ability to accurately recognize targets and 
distractors across 96 trials. A delayed recognition task is subsequently carried out 
where participants are asked to pick out the target amongst 6 other distractors. 
For executive functioning, the Tower of London (TOL)(Culbertson & Zillmer, 
2001), verbal fluency (animals) (Strauss et. al., 2006) and Victoria STROOP test 
(Strauss et. al., 2006) were used. The TOL task assesses organization and 
planning ability (Culbertson & Zillmer, 2001). Two determinants of planning 
capacity were measured, namely, the total number of moves score (with lower 
scores being indicative of better planning capacity) and total number of problems 
solved with the minimum number of moves. The STROOP is a test of cognitive 
flexibility where participants were tested on their ability to inhibit habitual 
responses in favour of less common responses (Strauss et. al., 2006). The time 
taken and the number of errors made for each of the three conditions (dot 
condition, the word condition and the colours condition) is measured and the 
30 
interference score determined (time for colour condition – time for dot 
condition). Lower scores are indicative of better performances. A validated 
mandarin equivalent was used for mandarin-speaking participants (Lee, 2003; 
Lee, 2003a).  
To determine participants’ prospective memory capacity, a modified 
version of the Memory for Intentions Screening Test (MIST) (Raskin, 2004) 
(Appendix 4) was used. This test assesses both time-based prospective memory 
and event-based prospective memory and contains items requiring either a 2-
min or a 15-minute delay and the responses could be either verbal or an action. 
There are a total of eight trials in this test. In order to facilitate assessment of 
mandarin speaking participants, the intervening task was changed into the Bell’s 
cancellation and Digit cancellation task instead of the Word Search Task to 
minimise language bias. Participants were asked to work on the intervening task 
while instructions were given intermittently asking them to say or do certain 
tasks at assigned times.  Overall prospective memory performance was 
determined by the number of tasks accurately carried out either at the correct 
time or with the right cues. Sub-scores can also be obtained for the different types 
of prospective memory task by summing the relevant trials. A recognition task 
was also performed if participants failed to respond totally during the 
appropriate moments. A scoring guide is also available for the type of errors 
made during the test. Table 2 is a summary of all the questionnaires, scales and 
cognitive tests used in the study. 
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Table 2: List of questionnaires, scales and cognitive tests administered. 
Demographics/ Injury details Cognitive battery Affective questionnaires 






Beck’s Depression Inventory 
– second edition  (BDI-II) 
Rivermead Post-Concussive 
Symptoms Scale (RPQ) 
 
Symbol Digit Modalities Test 
Trail Making Test, Part A 
State-Trait Anxiety Inventory 
(STAI) 
Self-constructed questionnaire Rey Auditory Verbal  
Learning Test 
Continuous Verbal Memory 
Test 
 
   
 Tower of London 
Victoria STROOP 
Verbal Fluency (Animals) 
 
   
 Memory for Intentions 
Screening Test 
 
   
3.5 Data Analysis 
An alpha level of .05 was used for all statistical analysis. T-tests were used 
to ensure that there were no significant differences in age and years of education 
between patients and their selected controls. In the first set of analyses, 
multivariate and univariate analyses of variances were used to compare MTBI 
patients to controls on their baseline neuropsychological performance in the 
acute stages of injury. T-tests were subsequently used to compare performance 
on the different prospective memory items. The pattern of prospective memory 
errors made is also described.  
For the second set of analysis, only patients that returned for follow-up and 
their matched controls were included in the analysis. Multivariate and univariate 
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analyses of variances were used to examine the cognitive capacity of MTBI 
patients in their post-acute stages of injury. In order to determine if there was 
improvement in prospective memory at 3 months later, a repeated-measures 
ANOVA was performed.  
The predictors for baseline prospective memory performance were 
examined with the use of regression analysis. Changes in the scores of 
prospective memory were tabulated and patients were categorized into non-
improvers and improvers. T-tests and χ² analysis were used to examine factors 













Chapter 4 Results 
Out of a total of 41 patients recruited, two had co-existing psychiatric 
conditions that required current treatment and one was suspected to be 
malingering (scored <45 on TOMM). As a result, a total of 38 patients were 
included in the study. The causes of MTBI in these patients included falls 
(47.4%), road traffic accidents (23.7%), object striking head (10.5%), sports related 
accidents (10.5%) and assaults (7.9%) (Figure 1). A total of 38 normal controls 
were matched to these patients on years of education and age. T-tests confirmed 
that there were no significant group differences between the patients and 
controls in age and years of education. The BDI and STAI scores were also 
compared between controls and the subgroup of patients who were 
administered these questionnaires. On the BDI, MTBI patients scored 
significantly higher then controls (t( 59) = -2.26, p < .05). No significant group 
differences were found for state anxiety and trait anxiety. None of the 
participants had a history of previous head injury resulting in loss of 
consciousness of more than 5 minutes. The demographic details of the 
participants are summarised in table 3. 
 Medical records indicated that all the patients had an admission GCS of 15 
and none of them experienced PTA. 39.5% (n=15) of them experienced LOC of 
less than 20 minutes in duration. 
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4.1 Cognitive status in the acute stages of MTBI 
Using multivariate and univariate analysis of variance, MTBI patients and 
controls showed significant group differences in the domains of attention/ 
speed, episodic memory, prospective memory and executive functioning. 
Further univariate between-subject analysis showed significant group difference 
between the scores for total words over five learning trials of RAVLT, RAVLT 
delayed recall, symbol digits total score, total number of problems solved with 
the minimum number of moves on the Tower of London test and prospective 
memory summary score which measures overall prospective memory 
performance (Table 4). MTBI patients were significantly slower on the Symbol 
Digits Modalities test when compared with controls but solved more problems 
than controls on the Tower of London. They also learned and recalled 
significantly less items on the RAVLT and performed more poorly on the 




























































































































































































































































































































































































































































































































































































































































































4.2 Prospective memory in the acute stages post MTBI 
Further analysis was undertaken to compare MTBI patients’ performance 
on the different dimensions of prospective memory with controls. Other than 
tasks requiring a verbal response where there was a trend towards better 
performance by controls, MTBI patients performed significantly worse than 
controls on all other aspects. A summary of the mean score obtained for each 
type of prospective memory task by each group is given in Table 5, together with 
the results of t-tests comparing the two groups on each of the tasks and the 
respective effect sizes.  
As the MTBI patients and controls differed on their BDI scores, the 
relationship between BDI scores and prospective memory performance was 
examined. Using Pearson’s correlation analysis, BDI scores and overall 
prospective memory scores were not significantly correlated (r= -.22, p = .09). 
The type of errors made during the test was also examined. The most 
frequent errors made by MTBI patients were prospective memory errors and for 
controls, loss of content errors. Figure 2 shows the distribution of the different 












































































































































































































































































































































































































4.3 Relationship between demographics, behavioural measures, 
injury factors and baseline prospective memory in patients 
Gender (t (36) = -0.442, p =.661) and LOC at incident (t (36) = 0.100, p = 
.921) did not have an effect on prospective memory performance in patients. 
One-way ANOVA showed significant group differences in prospective memory 
scores for different injury types (F (4, 33) = 2.857, p < .05). Post-hoc analysis 
however showed no significant group differences between all pairwise 
comparisons. Both age and education were significantly correlated with 
prospective memory. None of the behavioural measures (RPQ, STAI-trait, STAI-
trait, BDI) completed at baseline showed a significant relationship (Table 6). 
Table 6: Relationship between demographics, behavioural measures and 
prospective memory of MTBI patients at baseline 
 MTBI prospective memory performance 














* p<.05, ** p<.01. 
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4.4 Relationship between baseline prospective memory performance 
and other cognitive domains in patients 
 Variables (type of injury, education and age) that had an effect, together 
with other cognitive scores were entered into a stepwise regression model to 
determine the predictors of baseline prospective memory performance. The best 
resulting model involved a combination of five predictor variables: RAVLT total 
score (β = 0.315 p < .01), WMS-III digit span total (β = 0.644, p < .05), WMS-III 
spatial span total (β = 0.903, p < .05, verbal fluency (β = 0.508, p < .05) and type of 
injury (having a fall) (β = -7.003, p < .01. The full model is highly significant (R2 = 
.744, F(5, 32) = 18.62, p < .001). 
4.5 Neuropsychological performance at follow-up 
A total of 31 (81.6%) patients and their matched controls were reassessed 
three months later. Seven (18.4%) patients were not assessed as they were 
uncontactable (13.2%) or withdrew from the study (5.3%). T-tests showed no 
significant differences in age and education between patients who dropped out 
versus those that remained in the study. The mean time interval between the two 
assessments was 84.5 (11.6 days) for patients and 83.7 (5.7 days) for controls. T-
tests showed no significant difference between these two time periods.  
MTBI patients and controls were compared to their 3rd month cognitive 
performance. Significant group differences continued to be present in 
prospective memory and episodic memory. Further univariate between-subject 
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analysis showed significant group difference between the scores for total words 
over five learning trials of RAVLT and prospective memory summary score 
(Table 7). MTBI patients learned and recalled less items on the RAVLT 
immediately after the words were read and performed more poorly on the 
prospective memory task during cognitive reassessment. Figure 3 shows the 
pattern of performance on the 5 trials of RAVLT for both patients and controls. 
Follow-up prospective memory performance was not correlated with BDI (r = -
.119, p = .404), STAI-trait (r = .006, p = .967) or STAI-state (r = .064, p =.657). 
However, there was a significant correlation between prospective memory and 
RAVLT five learning trials (r = .528, p < .01) in patients at follow-up. 













Patients 7.19 10.29 11.84 12.29 13
Controls 9.48 12.16 12.9 13.35 13.84


















































































































































































































































































































































































































































































































































































































































4.6 Prospective memory performance at follow-up 
MTBI patients’ follow-up performance on the different types of 
prospective memory tasks was compared again with controls. At follow-up, 
other than prospective memory tasks requiring a verbal response and time-
related prospective memory tasks where there is a trend towards better 
performance by the controls, MTBI patients continued to show significantly 
worse performance on all other types of tasks (Table 8). Performance on the 
recognition task was comparable between patients and their matched controls.  
 In terms of error analysis, MTBI patients continue to make a significantly 
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4.7 Changes in prospective memory performance at follow-up 
 A repeated-measures mixed design ANOVA was performed to examine 
the pattern of changes between baseline and follow-up prospective memory 
performance.  The main effect for time is significant, F(1, 60)= 11.013, MSE = 
20.668, p < .01, indicating a significant difference in average performance across 
the two time points independent of patient or control status. On average, 
controls performed better on the prospective memory measures than the 
patients, F (1, 60) = 7.483, MSE = 170.716, p < .01. However, there was no 
interaction effect between time and group membership, F (1, 60) = 0.014, MSE = 
20.668, p= .906, indicating that patient’s performance did not improve beyond 
the expected practice effects across the two time periods. Figure 5 compares 
performance at baseline and 3 month later. 



















4.8 Relationship between demographics, behavioural measures, 
injury factors and prospective memory changes in patients 
Amongst the patients, 51.6% improved in prospective memory 
performance at follow-up while the remaining (48.4%) either declined or failed to 
improve. In order to determine the potential factors differentiating these two 
groups, demographic, behavioural and injury factors were examined (Table 9). 
None of the factors was significantly different between the 2 groups. 












































































































































































































































































































































































































































Chapter 5 Discussion 
5.1 Prospective memory functioning within 1 month post injury 
In this study, prospective memory functioning was examined in a group 
of MTBI patients with admission GCS score of 15, normal CT scans and kept 
under hospital observation for at most a day. Despite their mild injuries, 
within the first month post trauma, patients had poorer prospective memory 
functioning alongside with deficient attention/ speed, episodic memory, 
executive functioning when compared with controls. The presence of 
prospective memory deficits, together with other cognitive deficits commonly 
implicated post MTBI, clearly indicates that it is part of the cognitive sequelae 
experienced post MTBI.   
With the acceleration and deceleration forces acting on the brain during a 
MTBI, regions of the temporal lobes and frontolimbic systems are especially 
vulnerable to diffuse damage (Dieter, 1999). These areas of damage coincide 
with the postulated neuroanatomical basis of prospective memory which is 
believed to largely involve the prefrontal cortex, the medial temporal lobes and 
the fibre connections between these structures (Kliegel et. al., 2007). Although 
all the patients in our study showed no abnormalities on neuroimaging, 
computer tomography scans are limited in their ability to detect functional and 
structural brain abnormalities and are weakly related to clinical outcomes post 
injury (Metting, Rödiger, de Keyser & van der Naalt, 2007). CT scans have 
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poor sensitivity especially to diffuse microstructural changes (resulting from 
the shearing forces of the injury) common in MTBI (Ingles et. al., 2005). 
Furthermore, when demographic and behavioural factors were examined 
within the patient group, only the type of injury sustained was significantly 
related to prospective memory performance and falls was the only significant 
predictor. The neurophysiological impact of different types of MTBI might 
range in severity. Certain types of MTBI in our patients are likely to have 
resulted in subtle intracranial damage that was not picked up by 
neuroimaging, which in turn resulted in poorer prospective memory 
performance. Further research using more sophisticated neuroimaging 
measures such as the DTI might provide better insights. 
Using MIST (Raskin, 2004) at baseline, MTBI patients performed worse 
than controls on both time-based tasks (as measured by MIST time cue tasks) 
and event-based tasks (as measured by MIST associative cue tasks). The 
performance of the MTBI patients on these tasks also differ significantly from 
controls regardless of the length of the time interval to the carrying out of the 
prospective memory action. The two time intervals used currently (2 minutes 
and 15 minutes) are both considered short in relevant literature. While no 
other studies had examined prospective memory functioning in MTBI in such 
detail, these results are comparable with findings from previous studies which 
found impaired time-based and event based prospective memory after 
moderate to severe TBI (Groot, Wilson, Evans & Watson, 2002; Kliegel et. al., 
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2007; Shum, Valentine & Cutmore, 1999) and short time interval prospective 
memory deficits in the TBI population (Cockburn, 1996; Groot et. al., 2002; 
Kinsella et. al., 1996; Mathias & Mansfied, 2005; Shum et. al., 1999). 
As it has been suggested that the prospective memory process comprises 
both the retrospective memory component and the prospective memory 
component (Einstein & McDaniel, 1990), failures in carrying out a prospective 
memory task could be a result of an inability to retrieve an intention at the 
appropriate time or in response to an appropriate cue, or deficiency in 
recalling the content of the task. The error analysis of the MIST allows us to 
separate prospective memory errors from other errors made due to deficient 
retrospective recall (Raskin, 2004). MTBI patients made a disproportionally 
larger number of prospective memory errors as compared to other types of 
errors. This indicates that the patient’s failure in carrying out prospective 
memory tasks are resulting from deficiency in retrieving intentions at the 
appropriate moments rather than deficient recollection of the tasks.  
5.2 Persistent prospective memory deficits 3 months later 
While neurophysiological and cognitive recovery has been shown in 
previous studies, prospective memory deficits are shown to be persistent in 
our study at follow-up three months later. MTBI patients demonstrated no 
significant improvements in prospective memory and continued to perform 
worse than their controls. This is despite comparable performances with 
controls on all other cognitive domains assessed (with the exception of RAVLT 
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five trials total) indicating significant recovery has occurred in many aspects of 
cognition during the interval. Despite this, MTBI patients continued to show a 
disproportionally greater number of prospective memory errors. They are 
however comparable with their matched controls on recognition tasks at 
follow-up. This not only provides further evidence that their failures on MIST 
are entirely prospective in nature, but also suggests that prospective memory 
recovery is slower than episodic memory. The potential reasons for this are 
discussed next. 
5.3 Underlying cognitive mechanisms of prospective memory in 
MTBI 
 A range of cognitive predictors (RAVLT five trials total score, WMS-III 
digit span total, WMS-III spatial span total and verbal fluency) were found for 
patient’s acute prospective memory performance. At a glance, consistent with 
theories highlighting its multidimensionality, these predictors originate in 
various cognitive domains including memory, working memory capacity and 
executive functioning commonly associated with prospective memory. However 
at closer inspection, patient’s performances on these cognitive predictors (with 
the exception of RAVLT) were comparable to their controls at baseline. This 
suggests that the interaction between prospective memory and other cognitive 
mechanisms is dynamic. Whilst having intact cognitive abilities is the key to 
good day to day functioning, in the event where resources are partially lost, 
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compensation might take place (Kliegel, Mackinlay & Jager, 2008). In this case, 
patients might be utilizing their intact cognitive capacities to cope with the 
complex prospective memory tasks.  
These compensatory efforts are however not sufficient to ensure 
success. The crucial cognitive component of prospective memory can be 
understood through examination of the final predictor (RAVLT 5 trials total). 
At baseline, poor performances are present on both RAVLT and prospective 
memory, which are in line with patient’s poor overall cognitive functioning. At 
follow-up, while all the other cognitive functions are at a comparable level as 
controls, persistent impairments remain in RAVLT five trials total and 
prospective memory and performances in these two tests are significantly 
correlated with each other. When performance across the 5 trials is examined, 
patients showed verbal learning across time and substantial improvements in 
recall by trial 5. Similar to a number of studies previously mentioned, deficits 
were present predominantly in the initial trials of this learning task. This 
suggests deficient encoding strategies which might be linked with reduced 
information processing capacity commonly present post MTBI. It has been 
suggested that reduced information capacity is a result of attentional problems 
(Kay et. al., 1992). Attentional processes rather then verbal learning ability or 
memory recall has also been found to be contributors to poor performance on 
the initial learning trials of RAVLT (Banos, Elliot and Schmitt, 2005). Although 
there was no primary attention deficit and patients generally did well on the 
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subspan tasks during follow-up, the initial trials of RAVLT (particularly the 
first trial) are more difficult, making it a more sensitive attention measure. A 
list of 15 unrelated words is not only greater than the working memory 
capacity tested, further encoding of verbal information is also required 
increasing the complexity of the task. Reduced attention to the verbal 
information presented together with the reduced processing capacity 
commonly present post MTBI contributes to deficient encoding strategies, 
which contributes to the persistent deficits in initial trials of RAVLT in our 
case. Results from our study hence suggest that attention is likely the crucial 
component for prospective memory functioning in MTBI. As patients 
concentrated on the distractor task of the MIST, insufficient attentional 
resources can be engaged to fully process and encode information about the 
prospective action they are supposed to carry out. This reduced attention span 
also affected their monitoring of the environment for the associated cue with 
the prospective memory event, resulting in failed prospective memory.  This is 
in line with Smith’s PAM theory (2002) which highlighted the importance of 
attentional resources for success in prospective memory as well as previous 
research evidence showing relationships between attention and prospective 
memory performance (Groot, Wilson, Evans, & Watson, 2002; Schmitter-




5.4 Pattern of prospective memory changes 
When changes in prospective memory were categorized, it was found that 
while almost half of the patients improved, the other half showed poor recovery 
at follow-up. When potential demographic, psychological and injury factors that 
could affect recovery were examined, it was found that none of them successfully 
differentiate between these two groups. Since prospective memory is one of the 
slowest to improve, clear associations are not present likely because most of the 
patients are still in a state of recovery. In a number of studies and reviews, pre-
existing psychological factors and post injury mood disorders including 
personality characteristics, depression, anxiety and post-traumatic stress showed 
strong associations with rates of cognitive recovery of MTBI patients (Binder, 
1997; Jorge et. al., 2004; Kay et. al., 1992; Rapoport, McCullgh, Shammi & 
Feinstein, 2005; Ruff, Camenzuli & Mueller, 1996). In this study, only patient’s 
trait anxiety and post injury depression and anxiety states were examined. 
Future studies could examine more psychological factors in greater details to 
gain a deeper understanding with regards to the roles they play in prospective 
memory recovery. 
5.5 Clinical implications 
Results from this study have provided evidence of prospective memory as a 
sensitive indicator of subtle brain dysfunction resulting from MTBI. In the acute 
stages, it is part of the cognitive sequelae experienced and at follow-up, it is one 
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of the last domains to improve. Prospective memory assessment may therefore 
be a useful clinical tool for gauging post-MTBI cognitive status and recovery. 
Prospective memory functioning is also closely related to everyday 
functioning. With its slow recovery, MTBI patients are likely experiencing 
functional difficulties in their daily lives. It is not uncommon for post TBI 
patients to report functional difficulties such as forgetting to take their 
medications or forgetting to do things they planned to do, which are essentially 
prospective memory difficulties (Hibbard, Ashman, Spielman, Chun, Charatz, & 
Melvin, 2004; Olsson, Wik, Östling, Johansson, & Andersson, 2006). It has also 
been shown that while as many as 88 % of MTBI patients return to work or 
school at 1 week to 3 months post injury, between 30 to 40% need to modify their 
jobs or take on duties with less responsibilities (cited in Petchprapai & 
Winkelman, 2007). Prospective memory deficits could be the primary reason 
why some MTBI patients experience immense difficulties returning to former 
responsibilities post injury.  
In the long run, poor recovery in prospective memory functioning may also 
increase the risk for post concussive syndrome. Links have been drawn between 
self-reported cognitive complaints and post injury emotional distress, physical 
status and fatigue (Stulemeijer, Vos, Bleijenberg, & van der Werf, 2007). In 
accordance with Kay et. al’s (1992) proposal, the inabilities and frustration 
associated with daily functioning disabilities could result in and perpetuate 
mood dysfunction. With persistence in mood dysfunction, further cognitive 
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breakdowns would result, which triggers more negative emotions and this cycle 
continues. Cognitive and emotional symptoms will therefore persist, constituting 
post-concussive syndrome. Exploration of this relationship could be furthered in 
future research with a longer follow-up period. 
The abovementioned evidence suggests that prospective memory 
rehabilitation strategies could potentially circumvent the negative chain of events 
that lead to short term disability. Little research has explored suitable techniques 
for prospective memory rehabilitation or determined the effectiveness of the few 
techniques currently in use (Shum, Fleming & Neulinger, 2002). The most 
common strategies currently used generally focus on memory restoration or 
compensation.  Patients are often taught to utilize external memory aids such as 
appointment books, electronic aids or are trained with recall drills until they are 
able to carry out the stipulated prospective memory task at the designated time 
intervals (Fish, Evans, Nimmo, Martin, Kersel, Bateman, Wilson & Manly, 2007; 
Shum et. al., 2002; Sohlberg & Mateer, 2001; Thone-Otto & Waither, 2003). For 
MTBI, the current study results suggest that enhancing attention to the 
information to be remembered could aid encoding and might be effective in 
improving prospective memory. One possible method is through repetition 
training where the retrospective content of the task is repeated or with recall 
drills. Such methods may improve information processing and therfore encoding 
or self-initiated retrieval (Shum et. al., 2002). The learning of internal strategies 
such as repeated imagining of the prospective memory task might also help 
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enhance encoding and detection of retrieval cues during the appropriate 
moments (Thone-Otto & Walter, 2008). The effectiveness of these methods need 
to be confirmed with future research. 
5.6 Limitations   
A number of epidemiological studies reported the highest incidence rates of 
MTBI amongst those younger than 24 years old (Wrightson & Gronwell, 1999, 
Thurman, 2001, Bazarian, 2005). However, in this study, the mean age of our 
patients is 40 years old which can suggest sampling bias. Although no previous 
studies had examined the demographic structure of MTBI in Singapore, a local 
study involving MTBI patients presented at the emergency department of the 
hospital suggested that most of MTBI patients fell within the age range of 25 – 44, 
followed by 45 – 64 (Heng et. al., 2007). Hence, MTBI might occur more 
frequently amongst an older age group in our population. 
Although not all recruited patients were followed-up and this could create 
bias, our dropout rate of approximately 19% is low in comparison to attrition 
rates of 33 to 50% commonly found in other outcome studies (Corrigan et. al., 
2003). Furthermore, demographic factors were comparable between those who 
remained in the study and those that dropped out.  
In this study, no intelligence measures were administered at baseline 
preventing matching on premorbid intelligence. However, the cultural context of 
Singapore allows proficiency in languages other than the English language. 
Indeed in our sample, communication was via English or Mandarin. Traditional 
61 
tests of premorbid intelligence such as the National Adult Reading Test or the 
Weschler Test of Adult Reading are not culturally fair measures in our context. 
There is currently no validated measure that is appropriate for measuring 
premorbid intelligence in Singapore. In place of this, patients are matched closely 
to their controls on educational levels, which is the most appropriate alternative 
in this context. 
Although anxiety and depressive status showed no relationship with 
prospective memory performances in our study, results were based on a sub-
group of patients who took these measures as part of another study. However, 
quite a substantial number of patients (approximately 50 to 65%) were 
administered these measures at baseline and follow-up. 
5.7 Conclusions 
 The present investigation represents an innovative study examining 
prospective functioning and recovery in MTBI. It was found that prospective 
memory deficits form part of the acute cognitive sequelae experienced post 
MTBI. Beyond 3 months post injury, while recovery takes place in all other 
cognitive domains, persistent deficits remained in prospective memory in 
conjunction with disturbances in immediate verbal memory. A closer inspection 
suggests that poor attention underlying reduced processing capacity could 
explain prospective memory deficits in MTBI. Poor prospective memory 
constitutes a hindrance to everyday living and might trigger post-concussive 
syndrome in the long run. Rehabilitation techniques targeting the specific 
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cognitive mechanisms involved with poor prospective memory in MTBI might 
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Instructions: Pleaseanswer the following questions and circle the appropriate responses.
1. Have you ever had an injurywhich resulted in unconciousness before this accident?
Yes/No 
If Yes, details of injury(Howmanyprevious injury, When, type of accident, when




2. Have you ever had anyof the following?
 Depression/Lowmood
 Anxiety
 Hear voices in your head that talk to you or order you to do things?
 See things that other people do not see?
 Complaints of pain in parts of your bodythat cannot be accounted for by
physical injury?
3. Have you had a historyof mental illness or seen a doctor/psychiatrist for anymental
health problem? Yes/No
If Yes, what was it? _______________________
If Yes, at what age did it happen? _________________
If Yes, howlong did it last for? __________________
If Yes, did you undergo anytreatment for it? _________________
If Yes, are you still suffering from it? Yes/No 
4. Do you drink alcohol? Yes/No
If Yes, what do you drink? _____________
Howmanyglasses/cans of alcohol do you drink per week? ____________
5. Highest level of education: Primary/ Secondary/ Tertiary/ Post-Tertiary
No of years of education: __________ years  
 
6. Current Occupation : _________________________
7. Contact Details: ___________________________
 
 
 
 
 
 
